Xanthene derivatives also demonstrate efficacy in photodynamic therapy.
7
Xanthenes and the related condensed ring system variants have been used as dyes 8 and fluorescent materials for visualization of biomolecular assemblies.
9
Oxidation of these compounds produces xanthilium salts, which are also useful as dyes and fluorescent materials.
10-11
A number of xanthene based dyes such as Rose Bengal and Acid red are widely used as food colorants.
12
Xanthene derivatives are being used to develop polymer photoimaging systems which have numerous applications primarily in the print and electronic industry.
13
Spiro[fluorene-9,9′-xanthene]derivatives serve as the building blocks for blue light emitting materials having high thermal stability.
14 Xanthene dyes are also utilized in fabricating dye doped materials finding interesting optical applications in holography, optical computing and holographic interferometry. Mirjalili et al. have reported the synthesis of 14-aryl or alkyl-14H-dibenzo [a,j] xanthenes by the condensation of 2-naphthol and aldehydes using silica supported boron trifluoride (BF 3 .SiO 2 ) catalyst under heating or sonication (eq. 2). as recyclable catalysts (eq. 4). Das and co-workers 35 have reported the synthesis of 12-substituted-8,9,10,12-tetrahydrobenzo[a]xanthene-11-one derivatives using catalytic NaHSO 4 .SiO 2 in 1,2-dichloroethane under reflux (eq. 5). The above synthesis of tetrahydrobenzo[a]xanthene-11-one derivatives have also been catalyzed by p-TSA, 
III.1.2: Antioxidants
Antioxidants are substances that combat oxidative damage in biological entities. An antioxidant achieves this by slowing or preventing the oxidation process that can damage cells in the body, by getting oxidized itself in place of the cells. Thus, an antioxidant can also be termed as a reducing agent. Antioxidants are important in the fight against the damage that can be done by free radicals produced due to oxidative stress. Though the human body has its own defences against oxidative stress, these become weak with age or in the case of an illness.
Natural Antioxidants
Dietary Antioxidants: Vitamin C, β-carotene and polyphenols are among the most extensively studied dietary antioxidants ( Figure III. 2). Vitamin C is considered the most important water-soluble antioxidant in extracellular fluids. It is capable of neutralizing reactive oxygen species (ROS) in the aqueous phase before lipid peroxidation is initiated. 
Antioxidant Properties of Phenolic Compounds
Compounds that have many phenolic hydroxyl substituents are often referred to as polyphenols. The commercially available natural antioxidants are tocopherols (vitamin E), ascorbic acid (vitamin C) and rosemary extract.
49-51
It is known, that lipid oxidation is a typical free radical chain process consisting of initiation, propagation and termination steps. + Thus, phenolic substances behave as chain-breaking antioxidants by competing with the substrate (RH) for the chain carrying peroxy radicals. Natural phenolic compounds with antioxidant properties can be classified into a lipophilic group (tocopherols mainly) or a hydrophilic group (phenolic acids and flavonoids).
Tocopherols as Antioxidants
Tocopherols and tocotrienols are the most significant lipid-soluble antioxidants present naturally in vegetable oils.
53-55
Vitamin E is used to refer to a group of fat-soluble compounds that include both tocopherols and tocotrienols ( Figure III.3) . Vitamin E, is the most effective chain-breaking antioxidant within the cell membrane where it protects membrane fatty acids from lipid peroxidation.
Tocopherols interrupt free radical chain reaction by capturing free radicals generated during autooxidation of oils (eq. 15).
+ RH +

Phenolic Acids as Antioxidants
Phenolic acids show good antioxidant properties. Among them, gallic acid, a natural product arising from tannin hydrolysis, has attracted considerable attention. Novel antioxidative food additives are being developed using gallic acid as a starting compound.
56-58
The antioxidant properties of monohydroxylated phenolic acids such as vanillic, caffeic, sinapic, siringic, ferulic and coumaric acids have been demonstrated in several "in vitro" and "in vivo" studies. The antioxidant activity of phenolic acids is mainly due to their redox properties, which allow them to act as reducing agents, hydrogen donors and singlet oxygen quenchers. In addition, some phenolic acids have a metal chelation potential.
Flavonoids as Antioxidants
Flavonoids, natural polyhydroxylated aromatic compounds, are extensively distributed in the plant kingdom, including fruits and vegetables. Flavonoids constitute about 2/3 of the polyphenols we obtain in our diet. Their antioxidant effect is commonly associated with their ability to scavenge reactive free radicals, including hydroxyl, peroxy and superoxide radicals, [62] [63] [64] and/or to deactivate catalytic metals due to complexation.
65-66
The antioxidant capacity of a flavonoid is infuenced by the degree of hydroxylation on the "B" ring. Bors et al. and DPPH (1,1-diphenyl-2-picrylhydrazyl) scavenging activity.
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The DPPH scavenging method is among the most adopted for evaluation of antioxidant activity and has been described in detail.
2,2-Diphenyl-1-picrylhydrazyl Radical Scavenging Capacity Assay DPPH is a stable free radical by virtue of the delocalisation of the odd electron over the molecule (Figure III.6) .
The molecules do not dimerise, as would be the case with most other free radicals. The delocalisation also gives rise to the deep violet colour, characterised by an absorption band in ethanol solution centred at about 517 nm.
When a solution of DPPH is mixed with a substrate that can donate a hydrogen atom, this gives rise to the reduced form of DPPH, diphenylpicrylhydrazine (a non radical), with the loss of violet colour. There would be a residual pale yellow colour from the picryl group still present (eq. 16). As a consequence, the absorbance decreases from the DPPH radical to the DPPH-H form.
... (16) λ + +
The extent of decolorization of DPPH This method was conceptualised by Blois
77
in which the H atom accepting ability of a stable free radical DPPH
• from cysteine molecule was demonstrated for the first time.
The more recently introduced method of Brand-Williams and colleagues
78
has been used as a reference point by several groups of workers.
79-80
One parameter that has been introduced recently for the interpretation of the results from the DPPH method is the "efficient concentration" or EC 50 value (otherwise called the IC 50 value). This is defined as the concentration of substrate that causes 50% loss of the DPPH
• activity.
III.2: RESULTS AND DISCUSSION
It is evident from the above review that xanthenes and benzoxanthenes are important heterocycles possessing a broad spectrum of biological activities and also find applications in other fields. Therefore, we decided to investigate the synthesis of dibenzo[a,i]xanthene-8,13-diones in environmentally safe reaction medium. Moreover, phenolic and quinone-based compounds are known to show potent antioxidant activity attributed to their redox properties.
81
We also decided to screen the in vitro antioxidant activity of the synthesized dibenzoxanthene-diones containing quinone/ phenolic groups by 2,2-diphenyl-1-picrylhydrazyl radical (DPPH) scavenging assay. Ia IIa
III
The reactions were then attempted using 10 mol% of HCl and HNO 3 as catalysts in water under otherwise similar conditions. The reactions did not proceed to completion even after 5 h and a number of spots were observed on TLC (runs 3, 4). The same reaction was also repeated in water in the absence of any catalyst under reflux conditions. TLC analysis using petroleum ether: ethyl acetate ( All these results are listed in Table III .1. The effect of the amount of ionic liquid on the reaction time and yield was also examined. The reaction performed using 10 mol% of [bmim]HSO 4 was observed to be complete after 2 h but with an inferior yield of 81% (run 10). Increase in the amount of
[bmim]HSO 4 (i.e. 30 mol%) did not have any significant effect on the product yield and reaction time (run 11). All these results are also listed in underwent successful condensation with 2-naphthol and 2-hydroxynaphthalene-1,4-dione using both the methods A and B affording the corresponding xanthene derivatives The reaction of 4-methoxybenzaldehyde (2.0 mmol), 2,7-dihydroxynaphthalene (1.0 mmol) and 2-hydroxy-1,4-naphthoquinone (2.0 mmol) was attempted in water using Reactions of initially formed IIIa with one mole each of aldehyde and 2-hydroxy-1,4-naphthoquinone by both methods to give bis-condensation product were unsuccessful.
IR spectrum of compound IIIa showed absorption band at 3297 cm Reactions of aldehydes and 2-hydroxynaphthalene-1,4-dione with 1,5-, 1,6-and 1,7-dihydroxynaphthalenes led to the formation of 3,3′-(arylmethylene)bis(2-hydroxy naphthalene-1,4-dione) derivatives rather than desired xanthene-diones and therefore was not pursued further.
A mechanistic rationale portraying the probable sequence of events is given in Scheme III.3. First, the condensation of aldehyde and 2-naphthol gave the intermediate orthoquinone methide. Subsequent Michael addition to the ortho-quinone methide with 2-hydroxynaphthalene-1,4-dione, followed by addition of the phenolic hydroxyl moiety to the carbonyl of ketone provides cyclic hemiketal which on dehydration afforded the product II.
III.2.2: Evaluation of antioxidant activities of dibenzo[a,i]xanthene-8,13-diones by DPPH Assay
All the synthesized compounds viz. II and III were screened for the antioxidant activity by measuring their scavenging ability towards 2,2-diphenyl-1-picrylhydrazyl (DPPH)
radical. The disappearance of DPPH was measured spectrophotometrically at 517 nm using butylated hydroxy toluene (BHT) as standard. 0.8 µM/mL and 0.4 µM/mL solutions of 14-aryl-14H-dibenzo[a,i]xanthene-8,13-diones (IIa-k, IIIa-m) were prepared using a mixture of methanol-acetone (1:1) (v/v) and % radical scavenging activity was calculated according to the eq. 24. The antioxidant activity of these compounds was evaluated by DPPH free radical scavenging assay and we found them to be efficient DPPH free radical scavengers. The results are summarised in Table III The % radical scavenging activity of compounds IIa-k and IIIa-m is depicted in Figure   III .11 and III.12 alongwith the standard BHT. It can be inferred from the data that among the synthesized dibenzoxanthene-diones, compounds IIIa-m showed potent DPPH radical scavenging activity, comparable to that of standard (BHT) unlike compounds II. The higher scavenging activity in IIIa-k could be attributed to the formation of two radicals A and B both of which are stabilized by resonance. Similarly compounds IIIl-m also give two resonance stabilized radicals (C and D) and show comparable activity to compounds IIIa-k. Therefore, it can be inferred that position of OH does not any significant effect on antioxidant activity. On the other hand, compounds II did not show high antioxidant activity probably because they do not have have any phenolic OH group and therefore can form only benzylic radical C that results into lower activity.
Further, it was observed that the antioxidant property of dibenzoxanthene-diones was enhanced by electron donating groups (IIIa, IIIc and IIIl) while compounds with electron withdrawing groups like nitro showed lowest activity (IIIe). Compounds with halo substituents also showed good activity.
In conclusion, we have devised efficient synthetic approaches for the synthesis of 14-aryl- Table III.2 and Table III was placed in a 50 mL round bottomed flask mounted over a magnetic stirrer. The mixture was stirred magnetically in an oil-bath maintained at 60°C for an appropriate time as mentioned in Table III.2 and Table III 
DPPH free radical scavenging assay
Methanol solution of 2,2-diphenyl-1-picrylhydrazyl (DPPH) was used as a reagent for the spectrophotometric assay with modifications.
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Solutions of different concentration of dibenzoxanthene-diones (i.e. 0.8 µM/mL and 0.4 µM/mL) were prepared using a mixture of methanol-acetone (1:1, v/v). 1 mL of 0.1 mM methanolic solution of DPPH was added to 3 mL solution of the compounds and the mixture was shaken vigorously using vortex mixer. Absorbance was read against a blank at 517 nm after incubation of the reaction mixtures for 60 min in dark at room temperature. Butylated hydroxyl toluene (BHT) was used as a reference compound. The radical scavenging activities were expressed as the inhibition percentage and were calculated using the formula:
Radical Scavenging activity (%) = [(A 0 -A 1 )/A 0 ) ×100]
Where A 0 is absorbance of the control (blank, without compound) and A 1 is absorbance of the compound. All the tests were carried out in triplicate and the results were averaged. 
